Under the requirement of energy savings and emission reduction in China, building energy consumption, which occupies a rising proportion of the total energy consumption in society, has become the focus of energy conservation research. Public buildings with a high-energy consumption level have become the most important part of energy conservation research. It is of great practical significance and social value to study energy conservation in large public buildings. In this paper, a large office building is taken as an example. First, a simulation model is constructed by using the energy consumption simulation analysis method, and the reliability of the model is verified by a comparison with the actual energy consumption. Second, based on the model, the thermal design parameters of six building envelope structures, including the external wall heat transfer coefficient, are analyzed in the order of energy-saving sensitivity. Based on the results of the sensitivity analysis, suggestions for each factor are presented. Finally, considering the mutual influence of each parameter on the building energy consumption, the orthogonal design method is used to arrange the test, and the optimal scheme combination of the energy-saving effect is analyzed, which can provide decision support for the energy saving of public building envelopes.
Introduction
By the end of 2017, China's gross domestic product (GDP) has accounted for 15% of the world's total, but China is the world's largest energy consumer, accounting for 23.2% of global energy consumption and 33.6% of global energy consumption growth [1] . Building energy consumption is an important part of China's energy consumption. It is estimated that by 2020, China's high-energy building area will reach 70 billion square meters, and building energy consumption will reach 108.9 billion tons of standard coal, leading to considerable energy consumption. ere are four types of energy consumption categories in the civil buildings in China: heating energy in northern cities and towns, residential energy in cities and towns, residential energy in rural areas, and the energy consumption of public buildings. In terms of energy consumption per unit area and the total energy consumption, the energy consumption of public buildings ranks first among the four types of buildings [2] [3] [4] . Public building energy consumption levels in China have been close to those in Europe and the USA. With the economic growth of our country, an individual's requirement for indoor environments and the comfort of buildings has gradually increased. In the future, the energy consumption of public buildings will increase further, which will pose a challenge to national energy security and environmental sustainability.
erefore, controlling and reducing the energy consumption of public buildings is of great significance to controlling the sustainable development of China.
e energy savings of building envelopes and equipment systems and the energy saving between management and behavior in equipment operation and maintenance are the most important sources of energy-saving potential in public buildings [5, 6] . Buildings exchange heat with the outside through the envelope structure, and the performance of the envelope structure determines the amount of heat exchange between the building and the outside, thus affecting the level of building energy consumption.
erefore, improving the performance of a large-scale public building envelope is an effective way to improve the building energy efficiency ratio.
Some studies have achieved better energy efficiency by optimizing the thermal parameters of the enclosure structures. Baran et al. [7] studied the sensitivities of building heating and refrigeration energy consumption, the heat transfer coefficient of the envelope, and design parameters, such as building orientation, depth, story height, and window-wall ratio, in four climate zones in Turkey. Based on the results of the study, suggestions were made for each parameter. Zhou and Zhao [8] used TRNSYS software to simulate the quantitative relationship between the energy consumption of office buildings in five climatic zones and the parameters of different envelopes in China. According to the energy-saving rate index, the influence of seven envelope structure design parameters, such as the heat transfer coefficient of the outer wall in five climatic zones, on building energy consumption was ranked. Shi et al. [9] used DeST's method for building dynamic energy consumption simulations, studied the influence of building envelope thermal performance on the annual energy consumption of underground office buildings, and provided the recommended optimization values for various climate zones in China.
In other studies, energy-saving schemes have been proposed and compared by energy consumption simulation. Melo et al. [10] chose three new types of insulation materials, namely, gypsum, vermiculite, and an ethylenevinyl acetate (EVA) copolymer and compared their use in hot Brazilian areas with traditional envelopes. ese authors found that the new materials reduced the thermal load of buildings by 38%. Antonyová et al. [11] developed a nondestructive testing method for insulation walls by measuring the air temperature and humidity inside and outside of the buildings, as well as between the insulation panels and walls. A new instrument for measuring the thermal and humidity characteristics of building envelopes was developed, and the measurement results were analyzed mathematically. Huang et al. [12] considered the influence of factors such as the house orientation, window-to-wall ratio, type of thermal insulation material, and window and determined the optimal design of the enclosure structure transformation scheme through a technical and economic analysis.
e above two types of research provide important guidance for promoting the energy conservation of public building envelopes. However, former research studies regarding actual optimization schemes for building regulation are limited, and in later research, an improvement in building energy efficiency standards has not been achieved. is paper combines the above two research methods. Specifically, the direction and scope of the optimization of the envelope structure parameters through energy consumption simulation is first identified, and then the optimization scheme for promoting the energy savings of the public building envelope structure is presented.
In this paper, first, a simulation model for the energy consumption of public buildings based on the DesignBuilder method is constructed, and the reliability of the model is verified by comparing the American Society of Heating and Air Conditioning Engineers (ASHRAE) Guideline with the actual energy consumption. Second, based on this model, the thermal design parameters of six building envelopes, including the heat transfer coefficient of the external wall, were analyzed in the order of the energy-saving sensitivity. en, based on the results of the sensitivity analysis, this paper puts forward suggestions of a value for each factor and proposes specific energy-saving retrofit schemes for the factors with high sensitivity, taking into account the mutual influence of various parameters on building energy consumption. Finally, an orthogonal experimental design method is used to arrange the experiment, and the optimal scheme combination of the energy-saving effect is analyzed. e technical roadmap is shown in Figure 1. 
Methodology

Method of the Building Energy Consumption Analysis.
In this paper, the DesignBuilder method is adopted, which is a dynamic calculation method based on the theory of unsteady heat transfer. DesignBuilder consists of graphical interface simulation software specially designed for EnergyPlus [13] . e simulation process can be calculated by using
where Q(t) is the cooling load at t time; S i is the area of the first i surface; h i is the heat transfer coefficient on the I surface, kW/ (m 2 ·°C); T i (t) is the temperature of the inner surface of i; T R (t) is the outdoor temperature; m(t) is the fresh air volume at t time, m 3 /s; T O (t)is the fresh air temperature; and Q S (t) is the indoor heat source heat at t time.
e theoretical basis of DesignBuilder is the law of conservation of energy, which considers the process of energy transfer in building heat exchange. In calculating the energy consumption, this approach considers the influence of many external conditions, such as meteorological conditions, the thermal insulation performance of the enclosure structure, the operation of internal equipment, and personnel activities.
A Subsection Verification Method for the Energy Consumption Simulation Model.
Verification is an important step in modeling. At present, a widely used verification method is to determine whether the simulation results are accurate by setting the threshold of the average deviation of the simulation according to the judgment conditions proposed by the professional norms. By comparing the size relationship between the average deviation and the threshold value, the model can be verified [14] .
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To determine the energy savings of the energy-saving project, the ASHRAE Guideline 14-2002, based on the whole building calibration simulation method, is adopted in this paper.
e objective of the method is to establish the building model prior to the energy-saving transformation of the computer simulation.
en, to verify the model, the simulation result is compared with the energy consumption data during the actual operation of the building before the energy-saving renovation.
en, the calibration model is used to predict the energy savings of the energy-saving project.
e error index specified by the ASHRAE Guideline is the standard average deviation (the normalized mean bias error (NMBE) and the coefficient of variation of the root mean square error (CVRMSE)) between the actual energy consumption value and the simulation value.
e actual value of the monthly energy consumption of the buildings can be obtained by building an energy consumption bill, and the simulation value of monthly energy consumption can be obtained directly by software simulation. A reliable result of the ASHRAE Guideline indicates the following: 5% ≤ NMBE ≤5% and CVRMSE ≤15%. is paper compares the calculation results of the NMBE and CVRMSE to determine whether the model can be verified by the ASHRAE Guideline rules. If the model is verified, then the simulation results are close to the actual energy consumption of the building. e model can accurately reflect the actual energy use of buildings and can be used as a basis for further analysis. e formulas for NMBE and CVRMSE are, respectively,
where X i (Y i ) is the simulation value of the building energy consumption (actual value) in the i th month and Y is the average energy consumption of the buildings.
Sensitivity Analysis Method.
e sensitivity analysis method is a type of data analysis method that quantitatively describes the contribution of the input parameter changes to the output parameter changes. e core of this method is to control the variation in each input variable in the model in the range of its possible values, record the change in the corresponding output variable, and analyze and calculate the influence degree of the input variable on the output variable. In this paper, sensitivity analysis is applied to the energy conservation analysis of the building envelopes. Even if both the parameters unaffected by climate factors and the building use characteristics remain unchanged, only the influence of the design parameter changes in the building envelope on the output variables, such as building energy consumption, is considered to determine its sensitivity to the building energy consumption.
In this paper, formula (4) is chosen as the sensitivity coefficient of the public building energy consumption analysis. e reasons are as follows. First, the comparison between the change percentage of the input and output variables can better highlight the sensitivity; second, the index is dimensionless and can be used for the lateral comparison of the sensitivity between the different types of parameters.
where SC is the magnitude of the parameter sensitivity; OP is the output variable, which represents the building energy consumption; IP is the input variable and represents the thermal design parameters of building envelope; ΔOP is the change in the output variable and represents the change in the building energy consumption; and ΔIP is the change in input variables and represents the change in the thermal design parameters of the building envelope. e principle of the sensitivity analysis of the building envelope parameters based on the energy consumption simulation is shown in Figure 2 .
Based on the above analysis, the sensitivity analysis method of the design parameters of the public building Advances in Civil Engineeringenvelope structure is as follows. First, the thermal design parameters of the enclosure structure are selected as input variables, and the energy consumption of the building after the design parameter change is simulated using DesignBuilder software. en, the sensitivity of building energy consumption to the change in the design parameters is calculated by formula (4). Finally, the sensitivity coefficients of all the parameters are sorted, and the key points of the energy-saving optimization scheme are determined from the design parameters of multiple envelope structures; these factors provide the train of thought and direction for solving the problems.
Scheme Optimization Method.
In scientific research, multifactor and multilevel test designs are often required. Orthogonal experimental design is an efficient method for optimizing multifactor and multilevel problems.
Design and Realization Method for an Orthogonal
Experiment. Based on probability theory, mathematical statistics, and practical experience, some representative combinatorial design experiments are selected from all levels of combinations of test factors according to the principle of "uniform dispersion, neatness, and comparability." rough the analysis of this part of the representative test results, the influence of the change in the level of each factor on the test results is investigated, and the optimum level of each factor is determined to realize the optimization of the factors.
With the aid of computers, the method of orthogonal design has been widely used. In this paper, an "orthogonal design assistant" is chosen as an auxiliary tool for orthogonal experimental design and analysis. is tool has advantages of small size, convenient installation, simple operation, and fast analysis.
Analysis of the Orthogonal Test Results.
On one hand, the change in experimental results is the result of changing experimental conditions; on the other hand, this change is caused by experimental error. erefore, it is necessary to simultaneously carry out both factor range analysis and variance analysis [16] .
(1) Factor Range Analysis. e range of factors refers to the difference between the maximum and the minimum of the average value of the test results (in this paper, the total energy consumption of buildings) at each factor level. is difference reflects the effect of the change in the factor level on the test results. Factor range analysis can clearly and intuitively determine the optimal level of the factors by charts.
(2) Factor Variance Analysis. Factor variance analysis can quantitatively estimate the importance (significance) of the factors to the experimental results. is analysis decomposes the deviations caused by each factor change and the test error and calculates the square sum of the deviation of the factor.
en, by using the hypothesis test method in mathematical statistics, the statistic obeying F distribution is constructed, which is denoted as F. ese values are then compared with the critical values at a certain significant level (usually 0.05 or 0.01). If F-value is greater than the critical value, then the influence of factors on the test results is significant at the selected significance level. e reverse is not significant. e analysis of variance (ANOVA) method is as follows:
Taking x k as the result of the k orthogonal test, the total deviation squared S T and the total freedom df T are
e deviation square sum S j and the degree of freedom df j of the j factor are
where K ij is the sum of the test results of the j factor at the i th level. e error deviation square sum and S e and the degree of freedom df e are
F − value � the factor mean square error the mean square error .
In the above formulas, the mean square error � the deviation square sum/degree of freedom.
(3) Optimal Scheme Determination. e optimal level of each factor can be preliminarily determined by range analysis, and the significance of each factor can be determined by variance analysis. When choosing the best scheme, the optimal level of the significant factor should be selected, and the nonsignificant factor can be arbitrarily selected. In practice, cost reduction and easy operation are usually considered.
e flow chart of energy-saving optimization scheme of building envelope obtained by orthogonal test is shown in Figure 3 . 
Construction of the Energy Consumption Simulation Model for Public Buildings
In this section, a large commercial office building in the Wuhan area is taken as an example. A simulation model for energy consumption is built, and the annual energy consumption of the building is simulated by DesignBuilder. e reliability of the model is verified by comparing the actual energy consumption with the simulated energy consumption.
General Situation and Parameter Setting of Benchmark
Simulation Model. With a total height of approximately 92 meters and 25 floors, the public building covers an area of approximately 1,700 square meters and a total floor area of 34650 square meters. is large-business office building includes office, business, catering, and conference areas. e building shape coefficient is 0.13, and the ratio of the building's exterior window area to the exterior wall area is 0.3, which meets the standard regulations for the building shape coefficient of public buildings in hot-summer and cold-winter areas. e main body of the building adopts the frame shear wall structure with no sunshade outside windows. e specific structure of the enclosure is shown in Table 1. is building is cooled by central air conditioning in the summer and is equipped with three centrifugal chillers (rated power, 340 kW; rated refrigeration capacity, 1758 kW) and two central hot water units with a rated heating capacity of 1750 kW in the winter. In addition, three cold heat pump units (rated refrigerating capacity; 208 kW, rated heat supply, 210 kW) are also available for use under the condition of partially opened air conditioning and heating. e office area of the building adopts a fan coil unit plus a fresh air system suitable for the office space, while the other floors adopt a large air duct and a low-speed air supply system. e building has external windows to make full use of the natural ventilation. A structural model based on the above information is shown in Figure 4 .
Due to the high-temperature, long-duration summers in the Wuhan region, air conditioning must be turned on for refrigeration. e cooling cycle lasts from late May to late September. e winter climate is wet and cold, and when the temperature is low, the heating system should be turned on, and this cycle usually lasts from mid-December to late February of the following year.
e specific operational conditions of the air conditioning and heating system are shown in Table 2 .
Different functional areas have different usage characteristics, such as personnel density, lighting density, and equipment density. In this paper, the indoor thermal disturbance is presented in Table 3 through an investigation of building and energy usage.
e dynamic change in the personnel density is shown in Figure 5 , and the distribution of the equipment utilization rate is similar to that of the personnel density, which is shown in Figure 6 .
In addition, the airtightness of doors and windows also influences the building energy consumption. e number of air exchanges is used to simulate the airtightness of building windows and doors. In the model, the number of air exchanges is set to 0.3 ac/h. e above parameters are input into the established structural model, and a complete simulation model of the building energy consumption is established.
Verification and Analysis of the Energy Consumption
Simulation Model. In this section, DesignBuilder is used to carry out a real-time dynamic simulation of the above office buildings throughout the year, and the annual actual energy consumption bill of the buildings is determined. e actual energy consumption value and simulation value of the buildings are obtained, as shown in Table 4 Compared with the actual energy consumption, the deviation of the total energy consumption of the simulation is −4.12% and the error is relatively small. e monthly energy consumption simulation value and actual value of the office building are substituted in the simulation model verification method proposed in the second section for verification. Using formulas (2) and (3), the NMBE of this simulation is −4.50%, the CVRMSE is 6.21%, and the two evaluation indexes are within the range of deviation specified by the ASHRAE Guideline. erefore, the model can be considered reliable and can be further studied and analyzed. Figure 3: Optimization process of the energy-saving scheme of the envelope structure.
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Analysis of the Model Results.
According to the results of Table 3 , the simulation curve of building energy consumption is very close to the actual energy consumption curve, and the two curves show the same variation trend. For the Wuhan region, the temperature in January, February, and December is low, and the climate is wet and cold. us, the heating and air conditioning system needs to be switched on for a long time, and electricity consumption is higher than that for the remaining months of the year. e weather is hot in the summer months from June to September. Turning on the air conditioning system makes the period more energy intensive. July and August are the hottest periods of the year, and the energy consumption peaks in July. Neither cooling nor heating is required for the remainder of the months, and electricity consumption is significantly lower than that during winter and summer. e annual energy consumption of buildings is divided into air conditioning, lighting, equipment, and others, and the percentage distribution of energy consumption is drawn, as shown in Figure 7 . e energy consumption from the air conditioning system accounts for approximately half of the total energy consumption of the buildings during the whole year.
Energy-Saving Sensitivity Analysis of the Design Parameters of the Public Building Envelope
e design parameters related to the building energy consumption level mainly include the external wall comprehensive heat transfer coefficient, the roof comprehensive heat transfer coefficient, the outer window solar heat coefficient, the window-to-wall ratio, and the airtightness of the outer window. To comprehensively investigate the energy-saving potential of the design parameters of the envelope structure, this section analyses the energy-saving potential of the design parameters from two aspects, namely, the energy-saving ratio and the parameter sensitivity. e energy-saving ratio is the rate of the difference between the energy consumption of the model and the reference model after the parameter change and the energy consumption of the reference model.
is ratio reflects the energy-saving effect of the parameters from the view of the energy-saving amount. e sensitivity coefficient refers to the ratio between the energy consumption change percentage and the parameter change percentage of the model relative to the benchmark model after the parameter changes; this value excludes the influence of dimensions, which is used for 
Sensitivity Analysis of the Energy Savings of the External Wall Comprehensive Heat Transfer Coefficient.
e comprehensive heat transfer coefficient of the external wall is an index used to measure the thermal insulation performance.
e smaller its value is, the better the thermal insulation performance of the external wall is. Wuhan has hot-summer and cold-winter areas.
e comprehensive heat transfer coefficient of the exterior wall of public buildings should not exceed 0.80. In this section, the exterior wall construction in the reference model is taken as the benchmark scheme for the energy-saving sensitivity analysis, and the comprehensive heat transfer coefficient of the external wall is 0.50 W/ (m 2 ·K). By taking ±20, ±40, ±60% of the comprehensive heat transfer coefficient of the external wall in the standard scheme as the variation range, and modifying the thickness of the insulation layer of the external wall, the compre- calculate the energy-saving sensitivity of the comprehensive heat transfer coefficient of the external wall, as shown in Table 5 . According to the simulation results, the change in building energy consumption as a function of the comprehensive heat transfer coefficients of different external walls and the change trend diagram of the energy-saving ratio and sensitivity coefficient relative to the benchmark model are drawn, as shown in Figures 8 and 9 , respectively. e analysis results are as follows. ·K), the refrigeration energy consumption of the buildings shows a slightly increasing trend. e overall fluctuation is not large, the heating energy consumption is significantly reduced, and the total energy consumption of the whole year is significantly reduced. e decrease in the comprehensive heat transfer coefficient of the exterior wall means that the thermal insulation performance of the exterior wall is improved, and the heat transfer through the exterior wall can be better prevented during winter to reduce both the heat load caused by indoor heat dissipation and heating energy consumption. However, during summer, the thermal insulation performance of the external wall will reduce the heat transfer from the exterior wall to the outside at night, and the heat will be kept indoors.
is heat load will lead to an increase in the building cooling load, so the cooling energy consumption of the building will slightly increase. When the comprehensive heat transfer coefficient of the exterior wall is reduced by 0.10 W/(m 2 ·K), the total energy consumption of the buildings decreases by 7-8 Mwh, and the energy-saving rate increases by approximately 0.2%. erefore, the smaller the overall heat transfer coefficient of public buildings in the hot summer and cold winter is, the better the energysaving effect will be. Increasing the thickness of the thermal insulation layer and reducing the comprehensive heat transfer coefficient of the external wall are conducive to reducing the total energy consumption of buildings throughout the year and achieving the purpose of energy savings.
(2) e comprehensive heat transfer coefficient of the external wall has high-energy-saving sensitivity. According to Table 5 , during the process of reducing the comprehensive heat transfer coefficient of the external wall, the sensitivity coefficient of the building total energy consumption to its change first decreases from 0.0106 to 0.0099 and then increases to 0.0120. at is, in the process of decreasing the comprehensive heat transfer coefficient from 0. 
Sensitivity Analysis of the Design Parameters of the Building Envelope.
In this section, taking the Wuhan region, which is located in a hot-summer and cold-winter climate zone, as an example, energy-saving sensitivity analysis is carried out for the main design parameters of the building envelope, namely, the external wall, roof, and external window. On the basis of the benchmark model, a set of variation values are set for each of the six design parameters of the building envelope. e energy consumption of large public buildings is simulated by DesignBuilder, and the energy-saving rate and the sensitivity coefficient of the parameters are calculated according to the simulation results. Due to the limited space of this paper, a detailed energy-saving sensitivity analysis of only the external wall comprehensive heat transfer coefficient is listed. e results of the analyses of the other five design parameters and the recommendations for the logarithms are given in Table 6 .
According to the average value of the sensitivity coefficient, the parameters are sorted in the following order: the airtightness of the outer window, the ratio of the window to the wall, the comprehensive heat transfer coefficient of the exterior wall, the solar heat coefficient of the outer window, the comprehensive heat transfer coefficient of the external wall, and the comprehensive heat transfer coefficient of the roof. e airtightness of the outer window, the ratio of the window to the wall, and the comprehensive heat transfer coefficient of the exterior wall should be the key points of the next energy-saving optimization scheme of the building envelope. e average value of the sensitivity coefficient of the comprehensive heat transfer coefficient of the roof is only 0.0011, indicating that the change has little impact on the building energy consumption. erefore, the value can meet the requirements of the specification, which is not optimized under the existing conditions. e solar heat coefficient of the outer window and the comprehensive heat 8 Advances in Civil Engineering transfer coefficient of the external wall have a significant influence on the building energy consumption and should also be considered in the design of the optimization schemes.
Analysis of the Energy-Saving Optimization Scheme of the Public Building Envelope
Referring to the suggestions of the sensitivity analysis of energy conservation in the previous section, this section proposes corresponding optimization schemes for the design parameters of the five envelope structures, except for the comprehensive heat transfer coefficient of the roof.
Determination of the Factor Level in the Orthogonal
Experiment. To reduce the number of simulations and take into account the influence of each parameter on building energy consumption, this paper adopts the method of orthogonal experimental design. is approach takes the above five factors (besides the comprehensive heat transfer coefficient of the roof ) as the factors of the orthogonal experiment, choosing three levels for each factor, arranging experiments with an orthogonal table, and passing a few generations. Experiments were conducted to analyze the effects of the various levels of factors on the results, and combined with economic factors and practical experience, the optimal combination of energy-saving optimization schemes is finally determined, as shown in Table 7 .
External Wall Structure.
e structure of the external wall determines the comprehensive heat transfer coefficient of the external wall. e analysis of Section 4.1 concludes that the comprehensive heat transfer coefficient of the exterior wall of public buildings in hot-summer and coldwinter areas is 0.5 W/(m 2 ·K) and below, which can achieve a better energy-saving effect. is section takes the external wall structure in the benchmark model as the basic structure, that is, 13 mm decorative brick + 20 mm lime morta + 10 mm expanded polystyrene (EPS) insulation + 240 mm aerated concrete + 20 mm lime mortar.
e comprehensive heat transfer coefficient of the external wall is changed by changing the thickness of the insulation. e external wall structure of 10 mm, 30 mm, and 50 mm thick EPS insulation is selected as the three levels of factors, and the corresponding external wall comprehensive heat transfer coefficient is 0. 
External Window Type.
e external window includes a glass type and a window frame type, which have an effect on the comprehensive heat transfer coefficient and solar heat coefficient of the external window. Common energy-saving technologies of window frames are broken aluminum alloy window frames, plastic window frames (poly (vinyl chloride), PVC), glass frames, and compound window frames. e plastic and steel window frame has advantages of a low heat transfer coefficient, low production energy consumption, and long-term economic and social benefits. erefore, the plastic and steel window frame is selected as part of the external window optimization scheme.
e overall heat transfer performance of the outer window depends mainly on the heat transfer performance of the glass. At present, the most widely used energy-saving glass technologies are hollow glass, coated glass, and low emissivity (low-e) glass. e hollow layer of the hollow glass can be filled with inert gas instead of air for better insulation.
e commonly used inert gas is argon. Low-e glass is a type of coated glass with a high transmittance of near infrared Note. e base represents the benchmark scheme. Sensitivity analysis scheme for energy saving of the external wall comprehensive heat transfer coefficient expressed by WA1-6. Advances in Civil Engineering 9 rays and a high reflectivity of far infrared rays. is type of glass can reduce heat loss, especially in cold areas. In this paper, the selected insulating glass and insulating glass combined with coated glass are shown in Table 7 . 
Shade
Type. An external window shade can directly block the sunlight to the indoors, reduce the heat of the sunlight entering the room, and improve the thermal environment inside the room in summer. According to the relative position of sunshade facilities and windows, sunshades can be classified into three types: external shading, inner shading, and double glass middle shading. e shading effect of internal shade and middle shading is better, but the location of both determines that the shading facility itself can absorb some heat easily and transfer it indoors. e heat absorbed by external shading itself is removed through air flow and will not produce an indoor load. A comprehensive sunshade is better. In this section, a horizontal outside shade board is chosen. Energy-saving ratio Sensitivity coefficient Figure 9 : Energy-saving ratio and energy-saving sensitivity of the comprehensive heat transfer coefficient of the external wall.
Ratio of the Window to the Wall.
e conclusion of the preceding analysis is that the smaller the window-to-wall ratio of the public buildings in the hot-summer and coldwinter areas is, the lower the energy consumption is. However, due utilization needs, the effect of an increase or a decrease in the external window area on the indoor natural lighting is considered.
e "Code for Design of Office Buildings" stipulates that the window-to-floor ratio of offices should not be less than 1/5 and that of corridors, stairwells, and bathrooms should not be less than 1/12.
e main building studied in this paper is an office building. Taking a standard office floor as an example, in an office area, the area near the window is estimated to be 596 m 2 , and the area of the walkway is estimated to be 120 m 2 . Based on these dimensions, the area of the building outside the window should be no less than 131 m 2 , and the ratio of the window to wall should be no less than 24%. erefore, the 3 levels of the window-to-wall ratio are determined to be 25%, 30%, and 35%.
5.1.5.
Airtightness. Among the 6 design parameters of the building envelope analyzed in Section 4.2, the sensitivity of the building energy consumption external window airtightness is the highest. From the point of view of energy savings, the greater the airtightness level of the outer window is, the better the energy savings are. However, the cost of realizing a superior level of airtightness of the windows and doors is higher at the present technical level. From an economic point of view, the outer window with three, four, and five levels of airtightness is selected. e corresponding number of breaths is 0.30 ac/h, 0.25 ac/h, and 0.20 ac/h.
Orthogonal Experimental Design and Result Analysis.
In this paper, the number of factors and the level of each factor are determined to be 5 and 3, respectively. e L18 (37) orthogonal table is used to design an orthogonal table, and DesignBuilder is used to simulate the building energy consumption level in 18 groups of experiments. e results are shown in Table 8 below. Among the selected schemes, the energy consumption of the fifteenth set of schemes A2B3C1D2E3 is the lowest, and the annual total energy consumption is 3333.383 MWh.
Factor Range Analysis.
e average value of each factor at each level is calculated as T q (q � 1, 2, 3, which represent level 1, level 2, and level 3, respectively), and the range R of the effect of each factor level on the test results is calculated, as shown in Table 9 . e factor range distribution of the orthogonal test for the envelope optimization of public buildings is shown in Figure 10 .
By comparing the energy conservation potential ranking of the parameters in Tables 6 and 9 , the comprehensive range and sensitivity analyses have determined that the airtightness, the exterior window type, and the window-to-wall ratio are the most important factors that affect the building energy consumption. Additionally, the exterior wall structure and shading type also have a certain impact on building energy consumption. Based on the results of the sensitivity analysis of energy conservation in the previous section, in this section, the corresponding optimization schemes for the design parameters of the five envelope structures are proposed, except for the comprehensive heat transfer coefficient of the roof. e ratio of the exterior wall structure to the window wall has a significant effect on building energy consumption, but the shade type does not. erefore, the shading type can be chosen freely when the scheme is optimized.
Optimal Scheme Determination.
e structure of the exterior wall, the type of exterior window, the ratio of the window to wall, and the airtightness significantly affect the building energy consumption. e lowest average energy consumption level should be chosen as the optimal scheme, namely, an exterior wall of 50 mm EPS insulation, a plastic steel window frame, and a 6 mm white glass coating + 13 mm air + 6 mm white glass window combination and a 25% window-to-wall ratio, and the airtightness grade is 5 for the outer window. e effect of the shading type on building energy consumption is not significant and can be determined freely. According to the range analysis, a horizontal shading with a 0.5 m width has the best shading effect and saves material compared with other schemes. erefore, a 0.5 m wide horizontal shading is chosen as the shading scheme.
us, the optimized scheme is A3B3C1D1E3.
e simulation results show that the total annual energy consumption of the optimal scheme is 336.06 MWh, which is lower than that of the orthogonal table.
e optimal scheme is different from that of the orthogonal table, which reflects the advantage of the orthogonal experiment, i.e., finding the optimal result with the least number of experiments. Compared with the benchmark model, the total energy consumption of the whole year is reduced by 243.46 MWh, which fully shows that there is considerable energy-saving space for optimizing the envelope structure of public buildings in hot-summer and cold-winter areas.
Conclusions
In this paper, the energy consumption of public buildings is simulated by means of energy consumption simulations, and the sensitivity of common design parameters of the envelope structure is analyzed, which are regarded as the criteria of the energy-saving potential scheme. e key objects for program optimization are identified. On this basis, a feasible optimization scheme is proposed for each design parameter with a high-energy-saving potential, and the optimal scheme combination of the energy-saving effect is quickly analyzed using the orthogonal design method to arrange the test. e main tasks accomplished in this chapter are as follows.
Taking the large public buildings in Wuhan as an example, an energy consumption simulation model is established. e annual energy consumption of the buildings is simulated by DesignBuilder software, and the reliability of the model is verified.
e verified model is the basis of further research.
Using the sensitivity analysis method, the energy-saving sensitivity analysis of the six main design parameters of the building envelope structure is carried out in turn. e sensitivity coefficient is depicted in the following order: airtightness of outer window > ratio of the window to the wall > comprehensive heat transfer coefficient of the outer window > solar heat coefficient of the outer window-> comprehensive heat transfer coefficient of the exterior wall > comprehensive heat transfer coefficient of the roof. According to the results of the energy consumption simulation and sensitivity analysis, a suggested value range is proposed for each parameter.
is range can be implemented according to the above order and can be suggested to optimize the envelope structure for energy saving.
e sensitivity of the comprehensive heat transfer coefficient of the roof is low, so the roof is not optimized in the optimization scheme of the enclosure structure. According to the other five factors, the optimization scheme is presented in turn, considering the mutual influence of each parameter on the building energy consumption and the orthogonal design.
Because of the vast territory of China, which spans five climatic zones, different climatic areas have different energy consumption needs, and in addition, different types of large public buildings have different characteristics of energy consumption among different types of public buildings.
erefore, the energy-saving potential of thermal engineering design parameters between different climatic regions and different types of large-scale public buildings should be considered in the follow-up study.
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